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directions into which liquid crystal molecules maTswiS unS^h^ infli« """'^ alignment 

surface treatment also provides pretilt to the ^01^1 Ld .h. ^fr? 'P'"'^'* This 

alignment directions. The invention improvesThe sw fcht^o k ' * ""^^ '"e two 

anchoring energy and reducing azimSand 7enf,^ ^^.h • ^'"'"""^ '"^^"''^ ^^"""'f'^' "'^"'ory 
walls Without substantially cha^inTmo cular "S'a " ^ at the cell 

treatment to the cell walls or by an additive in the iqu d c Si, j^a.S^^^^^^^ "^^^ ' 

g^er^b^^^vtSrS^^^^^ 
dKv.nyl ether, BVE^Buty, Vinyl ether, EGTgB^^^^^^ 
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BISTABLE NEMATIC LIQUID CRYSTAL DEVICE 



2330214 
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This invention relates to bistable nematic liquid cnstal dev 



ices. 



Liquid co stal devices typically comprise a tliin layer of a liquid crystal material 
contained between cell walls. Optically transparent electrode structures on the walls 
allow an electric field to be applied across the layer causing a re-ordering of the liquid 
crjstal molecules. 

Tlicre are three known types of liquid cr>'stai material, nematic. cholesteric. and 
smcciic each having a different molecular ordering. Tlie present invention concerns 
devices using nematic materials. 
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In order to provide displays with a large number of addressable elements it is common 
to make the electrodes as a series of row electrode on one wall and a series of column 
electrodes on the other cell wall Tliese form e.g. an .x. y matrix of addressable 
Clements or pixels and. for twisted nematic types of devices, are commonl.N addressed 
u.sing rms. addressing methods. 



TuLstcd nematic and phase change type of liquid cr>-stal devices are switched ro an 
O.V state by application of a suitable voltage, and allowed to switch to an OFF state 
when the applied voltage falls below a lower voltage level, i.e. these devices are 
mcnosiabie. An advantage of nematic type of devices is the relatively low voltage 
25 requirements. They are also mechanically stable and have wide temperature operating 
ranges. This allows construction of small and portable batterj- powered displays. A 
disai vantage of such devices is their monostable switching characteristic which limits 
ihc number of lines that can be multiplex addressed. 



'r^eCH U,uid crysca, displays ca„ .ade ,„>o .s,ab,e device w„h .he use of 
r^cH,.dU — a„-..ab,eceU.a„s.*cea,.^^^^ 
, such a device is a surface s-abiUsed ferro=.ec.nc ,i<,uid crys,al dev, e (SSFELCDs, as 
Libedby:- . , Vu, H Lee. C S Ba. a„d M M Ubes. Phys Rev =U .C, , .SS 
,,76) R B Meyer. MO. CO.. Li, Cys.. 40. 33 (.977, NAC.arUa„dST 

p. Te,, 36 .. 8<>9(.980). Onedisadvawageofferroelecnc 

::ro.herpr:b,e™ssuchas>ac.ofshoc.resis.ance.,i.i.ed.e.pe..urera„.ea„d 
a.so electtically induced defeCs such as ueedles. 

,r a bis.ab.e s« charac.eris.ic can be achieved usin, ne^a-ics .hen a dispUy can 
, L::evvhichhas.he.eri.ofbo*.heabove.ue„.io„ed,ech„o,o.esbu.w,.hou. 

their problems. 

,,,,,.,,„,,beenshownbyDurande,a,,ha.anen,a.iccanbesvvi,che^^^^^^^^^ 

,,,„„cn,s.a.esvia.heuseofchira,ionsorflc.oe.ec.r,ccoup,.n.Aa^^^^^^^^ 

B;rber,.0OurandandPMar.ino..Lar.arde.Pa.n,App.,ca.,on^^^^^^ 
•Bisub,ee,ec,rochira..> con.ro.,ed,i,u,dcr>.s.a op.ca.dev.e^. 

Barberi M Giocondo. P Mar,ino,-Urgarde. Pa,en. App..ca<.on No WO 91005 
;C'Nen.a.c ,i<,uid cr,s.a, d.sp.a. wi,h sur.ace bis.bi.i,y con.ro,.«. by a 

llexoelectric effect". 

" P.en. US 4 333.708 descnbes a mu..isu,b.e .icuid crys,a. device in which ce„ wa..s 
ned » provide an a,rav of sin^uiar poin,s. Such subs,ra,e con.i.uranons 

:ronf..uraao.^ 

L ,„„ved ,0 s«i.ch be.ween s.b.e conf„ura.io„s. S«i.ch,n, ,s ach.eved b> 
30 application of electric fields. 



Pateilt Application No:. WO97/14990. (PCT-96/02463, GB95 21 106.6) describes a 
bistable nematic device having a grating surface treatment to at least one cell wall that 
permits nematic liquid crystal molecules to adopt either of two pretilt angles in the 
5 same azimuthal plane. The cell can be electrically switched betv^^een these two states 
10 allow information display which can persist after the removal of power. 

Another bistable nematic device is described in GB.2.286,467-A. This uses accurately 
formed bigratings on at least one cell wall. The bigrating permits liquid crystal 
molecules to adopt two different angular aligned directions when suitable electrical 
signals are applied to cell electrodes, e.g. dc coupling to ne.xoelectric polarisation as 
described in Patent Application No. WO.92/00546. Since in the two splayed slates the 
director is quite close to being in the plane of the layer, the coupling between director 
and flexoelectric component can be small. ,^-hich may hinder switching in some 
circumstances. 

The bistable nematic device of GB2286467-A also has a further problem which is not 
present in ferroelectric devices, that is. the need to s^^•itch the surface layer of 
molecules in order to eliminate image sticking effects. Surface layer switching usually 
requires high voltages which leads to both high power consumption and the need for 
customised driver circuitr>* . 



nnd .o leads to a lower anchoring energy betvveen the iiqu . 

:rer-«-™----'"— ^^^^ 

parameters. . 

AccorOins to U,is — a bisub. ne^atic U,uid cn,s.. device co.pHses; 
,„„ cell walls enclosing a layer of nema.ic ,i,uid cosul nuteriaU 

electrode structures on both walls: 

, on both cell walls providing alignment direction to liquid crystal 
a surface alignment on both ceu vNdn f 

molecules; 

.eans fo, «s«n. benveen sw«.d su.,es ol -be 11,01. c.s.al -.eHal: 
CHARACTERISED BY 

alitinment on one or both cell walls. 



Ideally the inelastic azimuthal memorv- anchoring energy is reduced to zero. 
Preferably the zenithal anchoring energy is also reduced. 

5 Tlie means for reducing energy may be an oligomer or short chain polymer xvhich is 
either spread on the surface or added to the liquid crystal material. 

Preferably the oligomer or short chain polymer does not change the preiilt by a 
substantial amount, e.g. change the pretilt by more than 5°. 
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Tlie treatment is used in conjunction with a surface which induces bistable nematic 
alignment 



The bistable surface may be a surface alignment bigrating on at least one of the cell 
I walls that permits the liquid crx stal molecules to adopt two different azimuthal 
alignment directions, as in patent application WO97/I4990. (PCT-96/02463. GB95 
21106.6). 

The angle between the alignment directions ma>^ 90* or less than 90*. 



20 



The grating may be a profiled layer of a photopolymer formed by a photolithographic 
process e.g. ,\i C Hurley. Diffraction Gratings (Academic Press. London 1982) p 95- 
125: and F Horn. Physics World. 33 (March 1993). .Alternatively, the bigrating may 

K- formed by embossing; M T Gale. J Kane and K Knop. J App. Photo Eng. 4. 2. 41 
25 ( 1 978). or ruling; E G Loewen and R S Wiley. Proc SPIE. 88 ( 1 987). or by transfer 

from a carrier layer. 



.he surface induces both alignme.. and pre,iU as descnbed .n GB2286467-A. 
THe^Un^n.avbeappHed,obo,hcenwaUsa„dn,a..e.esan,eordiffc«n.shape 
on each wall 

The b..bie surface cculd al,en«Uve,y he formed by usin. an '^'•^^y '^'^:'^' 
Irial as descHhed in pa.en, AppHcaUon WO ,2/0054 ,0 Durand. R Barhen. M. 
Giocondo and P Martinot-Largarde. 1991). 

n ■A.., olnss material, or Hexible e.g. polyolefin. 
Tlie cell walls may be substantially ng.d e.g. glass materia 

The electrodes may be formed asaseriesot-iowand column electrodes-^^^^^ 
rx'-ixoraddressableelements or display .^^^^^ 
200^im wide spaced 20^tn apart. 

.,.erna,ive,, .he decides n,a, be arranged in od«r display fom,a.s e... r-O mairix 
or 7 or 8 bar displays. 



Tlic invention will now be described, by way of example only with reference to the 
accompanying drawings of which; 

5 Figure 1 is a plan view of a matrix multiplexed addressed liquid crystal display; 
Figure 2 is the cross section of the display of figure 1; 

Figure 3 shows the threshold voltage for random bistable switciiing as a function of 
10 pulse length for two cells, one with a weak anchoring treatment and one with 
conventional strong anchoring. 

Figure 4 shows the configuration for off-axis photolithography used in the fabrication 
ol grating structures with asymmetric groove profiles. 
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The display in figures 1 . 2 comprises a liquid ciy stal cell I formed by a layer 2 of 
.icniatic or long pitch cholesteric liquid cn sial material contained between glass walls 
3. 4. A spacer ring 5 maintains the walls typically l-6Mm apart. .Additionally numerous 
beads of the same dimensions may be dispersed within the liquid crystal to maintain 
l^n accurate wall spacing. Strip like row electrodes 6 e.g. of Sn02 or ITO are formed 
on one wall 3 and similar column electrodes 7 are formed on the other wall 4. With ra- 
nnv and .,-column electrodes this forms an mxn matrix of addressable elements or 
pi.Ncls. Each pixel is formed by the intersection of a row and column electrode. 



. „wdriv« 8 suppHesvo,.8. -oeach eUcuode 6. Si.iUr,, a column nver 9 
lis v„,«=es .0 co,a,nn elecrode 7^ Co„,ro, o..pp,Ua voUa.e3 ,s ro™ a 
I Uc.»«c..ceWespo...™.av„Ua.e30.«^ 



clock 12. 



p- . »de of .he cell 1 a« polarises 13. 13' ananeed wi* P-l-sa.ion axis 

alignment su,e for ,he ca« whe« . _^ ^ 

An additional optical compensator such as a stretched p 
between the liquid crystal cell and one of the polarisers. 

■ • „ t<; mav be airanued behind the cell 1 together with a light 

rei~.:::e.::::heJ.n,„re.,ec..o„a„^ 

ambient lifting. For a transmission device, the mirror may he om.tted. 
P„ortoassemhly.a.leastoneof.hecel,wal,s3.4are treated wi,ha,t.„men,..lns^^^ 
;„.ideab,s,ablea,i.™ten,.i.e.twos»hleali.nme„« 

he 90=' For example the alignment may be provided b> a b.„ratm„ 

rsZcias;:^^^^ 

;::i:Techni.esforprod.in.h..rati„.to.i.e.^^^^^ 
descnhed in GB.A-2.286.467 (PCT.WO-.5,22077, and NVO97/U990. (PCT 
96/02463, GB95 21106.6). 

either a planar or homeotropic monostable surface. 
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Conventional alignment techniques provide pretilt (zenithal) and alignment direction 
(azimuthal) with substantial anchoring energy. This means that switching of the 
device under the influence of electric fields results in movement of the liquid crvstal 
molecules mostly in the centre of the layer, and zero movement at and adjacent ihe 
^^all surface. Both pretilt and aligiunent direction are necessary for good device 
performance. What is wanted is pretilt values and alignment together with reduced 
anchoring energy so that molecules at or adjacent the cell walls can move under the 
application of normal voltage levels. 

The present invention provides such a wanted pretilt and alignment together with 
lowered surface anchoring energy. The invention does this, in one example, by 
inclusion of oligomer units in the liquid crj-stal layer 2 and which preferentially 
migrate to the cell wall surfaces. 

An explanation of anchoring energy is as follows: 



In general anchoring of a nematic liquid crystal on a surface can be described bv three 
macroscopic parameters, pretilt. zenithal anchoring energy and azimuthal anchoring 
20 eneruw 



considerate. Mhe.-yp.a.= (pa«Ue„oacenw3„,ne^,U.,9p„saef,„.a 

,.e orefeTed a„"le of inclination of .he nematic director with respect to the x-y 
: ;o!hte,he.iUof.hes^acedi,ec.orfron,e,.oa„arhi.rar>..,,te.a„e^^^^^^ 

;erun,.areaofW™usthes.pp,ied.o.HesvstemwherelA..pinIandM.rapo.ar. 
J. Phys. (Paris), 36. C-l. 194 (1975)]: 

W = Wosin-(e - Op) 

cha„..e the tiU of the surface director hy ,0-. Ifrhe director has a preferred tn-pl^e 
cnan»e suoDlied to the system to 

orientation, say along the x axis, then an energy must be suppl 

change this orientation. The energy is now given by 

(2) 

Wx it the azimuthal anchoring 
where * is the change in the in-plane onentatton and Wj, ts 

energy. 

, Pretil. and .nitha, anchonn. can be achieved fron, ntos, soiid surfaces while 
:lha,a„choHn.usua,,yre,uiresso™ee«ratrea.n,e„tin„rder.o^^^^^^^^ 

p^ferred in-pl.= di-^ction such as an anisotropic polynrer or a surface 8,a„n. 
Por ntost surfaces We and W, are lar,e and so r^rientation of the .rector a, .he 
' :::::rreor,entation.dinordertoachieve,owvol.a.swi.chin..heahove 
quantities must be reduced. 



Fiirthermore any additional inelastic memory azimuthal anchoring (P. Vetter et al. 
Euro Display 1993. SID. p.9) due to microscopic absorption of the first nematic layer 
into the surface must be removed. This anchoring memory may have the effect of 
5 pining molecules in a given position (e.g. betw^een the two switched states) to which 
they may return after removal of a voltage. Ideally this memorj' should be completely 
removed so that the molecules remain in their switched positions after removal of 
voltages. In practice, reduction rather than complete removal can be satisfactory. 

10 Tliree examples of the weak anchoring treatment applied to a bistable surface are rjow 
given: 

E.vample 1 

5 The treatment consists of adding a small (1-10%) amount of a UV curing adhesive 
material to the nematic prior to cell filling. E.xamples of suitable materials include 
N'65. \63. N60 or N 1 23 (.All manufactured by Norland Products Incorporated. North 
Brunswick. NJ. USA). In this particular example, one of these materials (N65) is used. 

) In the first experiment this material was added to nematic E7 in concentrations of 1 %. 
2%. 4% and 6%. The mixture was then used to fill cells whose inside walls were 
coated with fiat polymer layers, without any alignment direction. The purpose of this 
c.Npcriment was to confirm a weakening of the surface anchoring with the addition of 
N65. .Surfaces were prepared using a layer of photoresist (Shipley 1805) which was 
liardbaked to 160°C to ensure insolubility in the liquid cr> stal. 
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CHS were n,a<. usin. .hese surface wi* . .ap of .O^m. EacK was fiU«^ «•* a 
:lou,i„a,..so„opicp.ase,65-C,r„„owea.>s,owcoon„..o™„„ 
rlu. and ^ exposu. ,0 UV AU ceUs showed a random p,^^ 
r 'f *e „en.a.ic which is also called a Sch.erien ,ex.u«. In .he case of .he 
:r:NsL2.N«,,he.e.»«co«ldno.he moved h.app,.n,«„.»^ 
rl : o^hl...wa.UwH.^ror.He4.a„d..— ..e.e...rewash..hi. 

. . ain warn could b. easily moved by applying small amoun.s of 
. :rr:— hadhee„moved.heydidno..mm.o.^^^^ 
:::o„hu.i„s.ead.emained.n.he„ewposi.io„fo.lon...ha„^e.ldays. 

Wore .he 4% and 6% mixtures lead .o a loss of memory anchonn. 

.seconasimila.experimen.wa3ca.iedou.,nwh,ch.hece,lswe...s^ 
, radia.io„af..rr,llingbu.befo,ecooU„..oroom,empera.u,e..nh,sca.^^ 

^ also .he 2% mix.ures showed room .empera,ure domarn wall mo^. • ^ 

in .he •"/. mixwre can be explained as follows. The N65 ma.e„al 
improvement m .he . /. miM , . ,. „,,.„,Hse under U V radiarion .0 

■ h„,hes.ers and acrNlate monomers whrchpolymense under u 

contains both esters anu a^i. ^u.mRr rhains If the 2% 

f„™ olieomer uniu which .hen join .ose.her .0 form larger pol>mer chams, 1 

.::iruredforasho„.ime.hen.hereac.io„c..^^^^^ 
„,,omeru„i.shavebeenformed..he.^^^^^^^^^ 

crv-sml bu. .hey so migrate preferen.,all5 .o the sorfac 

This has the effect of dilutins the amount 01 hqu,dc.ysu.l a. .he sun 

free energy. Th.s has .he en ^ S w«ch is defined by (P. 

.«ch leads to an effective reduc.ion in .he order parame.er. 1 
,3 G. deOennes. The Physics of Liquid Crys.als. Carandon Press. Oxtord 

5 = i/(5core-l} 



The reduction in nematic order due to a oligomer concentration has the twofold effect 
of screening the liquid cr^'stal from the surface which removes the memor>- anchoring 
as well as reducing the elastic anchoring energy. Wq. The uncured material also has 
5 this effect but must be added in a greater concentration (>4%) as the acr> late monomer 
iloes not preferentially migrate towards the surface. 

The cured material containing 2% N65 was then removed from the cell in which it was 
cured and used to fill another cell. This second cell also showed a highly mobile 
.0 Schlerien te.xture demonstrating that the weak anchoring effect is due to the additive in 
the bulk as opposed to any surface layer formed during curing. 

The next set of e.xperiments were designed to show the effect of the N65 treatment on 
•he zenithal anchoring energy, \Vq. This quantity can be calculated b>- measuring the 
15 .saturation voltage. Vg. Tliat is. the voltage at which the director tilt in the cell is 
perpendicular to the surface throughout the thickness of the cell. In practice this is 
measured by obser^^ng when the transmitted intensity of the Schlerien te.xture falls to 
zero when viewed between crossed polarisers. W-q is then given by 



20 



« 7i (4) 



where d is the liquid crystal layer thickness, k, , is the liquid crystal splay elastic 
constant and As is the liquid cr> stal permittivity anisotropy. 



confining N«. .he cuH„. »as perfo^ed in a fuse. sUica ce„ pno, » ,.„,femn. 
™«ure ,0 a separa.e meas««.=™ c=U. The exposure »as earned ou, usms ^ 
„„f,Uered ■nercury lamp wi* an oprieal outpu, of 2.0mW/cm2. 



an 



CdTiiinSi^i Cureume(m) 


We (N m-^ 


Pure E7^ 




>5xlO-2 


2% N65 in E7 


5 


5.4x10-5 


2% N65 in E7 


10 


6.3x10-5 


2%N65 in £7 


30 


7.7x10-3 


2% in E7+ pure E7 ( 1 : 1 ) 


10 


8.0x10-5 





Tahlc I 



Surface zeni 



thai anchoring energies modified hy the presence oj S65. 



10 



0,ea,e. c„. ««e. are found .o lead ,o .ro..er anchoring wHIcK . conslsrc, wi* .he 
also be adjusted by dUu.ir,g >he N«/E7 mix.ure m pure E7. .n 
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energy can 
percentage of N65 during the cure 

reaction kinetics. 



process »as kept to 2% to ensure consistent 



T„e above results confirm that the N65 trearment leads to a loss of in-plane memory 
l!r:as.enaslo»eri„.<b>.aboutanorderofma.itude,tl«ze„,U,a,a^.^^^^ 
, :*;.;e„e«s.agels.otes.tbeeffectof.heuea.m=ntonthes.tch,n,o.a 

bistable nemalic device. 
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One example of a surface which can offer bistable nematic alignment is a surface 
biiirating (as described in GB2286467-A.) prepared in a manner similar to that shown 
in Fitjure 4. In this case samples were made by spin coating 1805 photoresist 20 onto 
5 ITO coated glass 21 at a spin speed of 3000 rpm to give a coating thickness ofO.SSynn. 
The samples were then softbaked at 90*C for 30 minutes. The bigrating was exposed 
through a mask 22 using hard contact photolithography (i.e. normal to the mask 22 
surface, not at 60' as in Figure 4) with a tj^jical exposure time of 250s (at 0.3 
mW/cm2). The mask 22 contained a bigrating pattern of O Q^m chrome squares 
10 separated by 0.5Mm gaps in each direction giving a pitch of 1 .4x 1 .4^un. Development 
was then carried out in Shipley MF3 19 for 10 sec followed by a water rinse. Samples 
were Hnally baked at 1 eO^C for 45 minutes after first receiving a deep UV exposure to 
preharden the photoresist (3.36 J./cm2 at 254nm). This process created a bigrating with 
two identical modulations each of which had a symmetric profile. The alignment of a 
1 5 nematic on this is therefore expected to consist of two non tilted alignment states 
(alignment, but no surface tilt) separated by an azimuthal angle of 00°. Such an 
alignment is not normally of use in displaj' devices, but was prepared for test and 
comparison purposes. 

20 Cells having a cell gap of 0.95^m were then made with these (zero pretilt) bigratings 
i>n both inner surfaces arranged so that the groove directions on one surface coincided 
with the groove directions on the other. These were filled with E7 nematic containing 
xarious concentrations of N65 in its isotropic phase. On cooling to room temperature 
all cells showed two alignment directions as expected. As the states have no surface 
25 pretilt. and hence no splay, there is no method (like the flexoelectric coupling in 
.splayed configurations) by which only one state can be selected using applied 
electrical pulses. However random switching between the states can occur which was 
seen b\' pulse-induced domain wall movement. 



f 
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„ul»= alternated in sign from ,l>e previous pulse to mamtam a dc balance. Pulses wer 
:;!Z.---'-,i.es.l,epu,se,e..KForeac,, pulse len^avol^e 

, :::IaJe«.ic.d„„«in»a,lrnove,ne„.occurrea.Fi.ure3sKows,h,stHres.d 
:Cvers,..i™efor.>™cel.:oneace,lf,lledwitKpureE7,a„d.eo,her«^^^ 

Ta with a 2% precured mixture of N65 in E7. Tl>e N65 has cl.arlv lowered t e 

:lresho,d,oavalueofo.,S.OV;pmroralO.Smspulse.lnco„trast.hepure 

E7 Shows a much higher voltage switching (15.0 V/pm, and in lac. suffered 
,0 dielectric breakdown for low pulse lengths. 

The above results show that the N65 treatment leads ,0 a low voltage bistable 
rlgv.iehisco„s,stentwithalow.e„i,ha,a„chor,„ge„^.c^^^^^^^^^ 
i„.p,ane memoo' anchoring other than the elastic W, imposed by the btgrattng. 

" , H .„ obtain fullv selective bistable switching one state has to be favoured by the 

In order to obtain fulljseiec ,■.„,„., HeKoelectric polarisation if 

applied pulse. This can be achieved using decoupling to a flexoelectr p 

appneupu.a m WO 9%'0054. pretilt can be 

,he two bistable states have the appropriate pret.lts. In ^^0 9.,00:> P 

obtained by using obliquely evaporated SiO. 

" A .ore controllable method, described in GB2286467-A achieves pretiU by using a 

:i .hichboth.odulat.onshaveasy.^^^^^^ 

; • nvnoforoneofthebistablestateswhilemaintammgaprettltofO for 

:rri:srsw.eretestedinco.unc.,onwi.hthe..3_^ 
,5 the following fabrication process as illustrated in Figure 4. 
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A thin layer 20 of 1805 photoresist was spun onto ITO coated glass 21 as described 
above. After softbaking, the layer 20 was exposed through the l.4.\l .4Mm pitch mask 
22 using an off axis diagonal exposure geometry as shown in figure 4; i.e. exposure at 
5 about 60° to the surface normal and about 45° to the mask array of square pixels. The 
exposure time was set to 540 seconds (at 0. 1 5 mW/cm2). After development and 
processing the bigrating was constnicted opposite a flat photoresist surface (i.e. no 
grating and hence zero pretilt) using lO^im cell spacers to allow measurement of the 
surface pretilt at the bigrating surface. 

10 

Table 2 shows the pretilt of the tilted state measured by tlie cn stal rotation method (T. 
.f. -Schefferand J. Nehring, J. Appl. Phys.. voi.48. no. 5, p. 1783 (1977) ) for cells filled 
with various mixtures. In all cases the non-tilted state had a pretilt of less than OA". 



Table 2 



Mixture used to fill cell 


Pretilt ( °) 


Pure E7 

2% N65 in E7+ pure E7 ( 1 . 1 ) 
2% N65 in E7+ pure E7 (2: 1 ) 
2%N65in E7 


17.5 
17.1 
15.4 
2.2 



.Siiiface pretilt modified by the presence of N65. 

The pure E7 gave a high pretilt as expected but the addition of 2% N65 (precured) lead 
to a catastrophic loss of pretilt which means that this treatment is not suitable for a 
llexoelectric coupled device where a significant pretilt is required in order to achieve 
dc sensitivity. However further diluting of the 2% mixture via addition of pure E7 
allows the pretilt to be at a value close to the pure E7 cell. 
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. of dau i. .abU > and >able 2 shows ,ha, i. is possible .0 obuin a -ixmr. 

Z of prem. for 2% N65 in E7 can be „nde,s.ood by *e ftr^er weakening of We 

, H allows ncmatic «. adop. a non u„s=mial orientadon wi.h ,h= local surface. 
:r:::.e..Hpre.U.a.e..brespec.»...o»p.,^^^^^^^^^^ 
3,.aescribedinGB9502635.7.-li,uidc,ys,a.devi«aUg«nen, . 0. P. Bn-an Bro 

C. V. Brown and D. O. McDonnell. 

The above results have shown one example of how an oligomenc addiUve (N65) can 
r:^ra^lca>nen,a,ic,e.g.E7,.o improve .hevolugeresponseofa^ 

::licew;*.u.co.pron.singo,hersurfacepara.«erssuchasp.euU. 



Example 2 

" . „,He^exan,pleofa^veakanchoring.reaBnen■wass>■n,hesisedusingblock 

:::::i:ofa.Mo,a..avi.,U.her.oforn,.hes.ruc.re.shownbelow..e 

subscript n is number of repeats in a chain. 
» -[S(CH,.).S CH,CH,0(CH,XOCH.CH,]. - ... A 

„,., ,heprecursorn,aterialswereadded.oE7a„dthe„curedinafused 
As m example I. the ptecurs h .econd cell whose inner 

,Uica pre-cell. The cured mixture was then t^slerred to a second eel 

M th hardbaked photoresist. Filling was camed out at 65 C 
surfaces were coated with hardbakedpno , „ii „as filled with a 

„ followed bv slow cooling to room temperaUire. One parucular cell was . 

h ch had been cured from a 5% solution of the precursor materials in E7. 

:r,,ira::eHen.ex,urewithhighl>.mobi.edomainw^ 
all in-plane memoo' anchoring had been lost. 
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A measurement of the saturation voltage re\'ealed that the zenithal anchoring energy 
had been lowered to a value of 1 .2x10-^ N m-1. This is even lower than the values 
shown in table I which indicates that the oligomer units formed in this case are more 
5 effective at lowering the surface order parameter of the nematic phase. Once again 

dilution of the 5% solution into pure E7 revealed a regime on grating surfaces in which 

weak zenithal anchoring was combined with high (>15'») pretilt. 

Tlierefore the structure A is another successful example of an oligomer which can be 
0 added to a nematic (e.g. E7) improve the voltage response of a bistable nematic device 
without compromising other surface parameters such as pretilt. 

E.xample 3 

The following structures B is a list of example monomers which can also be used to 
created weak anchoring treatments. 

CH, = CH 0(CHj)ftO CH=CH2 HDVT (Hexane -1,6-diol di(vinyl ether) ...B 

CH, =CH0C4Hq BVE (Butyl vinyl ether) ...B 

HSCH:CO,(CH2)jOCOCH S^H EGTG (Ethylene glycol bis(lhioglycollate)) B 

HS(CH2)(,SH N'DT(Nonane-I,9-dithiol) ....B 

In pre\'ious examples low voltage bistable nematic switching has been shown to occur 
when \Vq is lowered. Therefore the materials in B have been investigated to determine 
their effect on Wg. 

.Mixtures of these materials were cured before adding to the liquid crj'stal and the final 
mixture was tested in cells containing flat hardbaked photoresist on the inner surfaces 
as described in example I . Values of Wq were then obtained using the method 
described in example I. 



Of ,he ma^rials Hs«i EGTC and NOT are ..onome. «i* *io, while 
HDVE and BVE a,. di6.acuonal and monoiuncional -ene ma>.rials r«pec,,v.ly. 

, Th. firs, se, of mixtures snrdied are shown in .able 3. In each case a percenuge of 
• ^onfnncdona, BVE has heen added » ^ bift.«.iona, HDVE in order ,0 rnduee charn 
cermination and so form oligo.«rs wirh smaller molecular weiglus. In each case .he 
::edpercen.a.eis,hemolar,uan.i.ofBVBwi*respecUoHDVEPur.he™^^^ 

le ouanrity of NDT in each mixmre was varied .o n,ai„.ain an e<,ual number o U„o 

L as a pho.oin„ia.or. For each marerial. cuHng was carried ou, under a mercury 
lamp (2.0 mW/cm') for 10 minu.es^ E7 (Merck, used as .he H,uid c,ysu>l ,o 
Jhwasadded3.ofeachma.eHaKhy.ei.h,,.Ther— 
resuUing zenithal anchoring energy (W„, lies ,n .he range ..6.8,8.< 10 Jm 

. ::,he l»res can he considcd .o he successful i„ reducing .he anchonng from .he 
..l„e found for pure E7 05x10-- > m =). Furihermore addition of more BVE and 
hence shorter oligomer chains is found to lead to weaker anchortng. 



Material 


W„ xlO " J tn 


"NDT/HDVb/2%BVE 


8.8 


NDT /HDVE/ 5% BVE 


5.9 


NDT /HDVE/ 20% BVE 


3.6 



20 Table 3. 



Measurement 



of zenithal anchoring for thiol/diene systems wi.h chain .erminarion. 



Tlie correlation of anchoring and molecular length for a given material type was 
further tested using a set of mixtures containing EGTG. HDVE and BVE. In this case 
GPC analysis was carried out in order to measure the molecular weights of each 
material as shown in table 4; Mn is number average of each chain. Mw is average 
weight per chain, and is zenithal anchoring energy. The smallest portion of BVE 
(2%) is indeed found to lead to the longest molecular weights and vice versa. 1% of 
each of these materials was added to E7 and W„ was measured. The correlation of Wa 
with molecular weight is fairiy good considering the errors in the W„ measurement. 



Material 


Mn 


Mw 


WflXlO-^Jm-' 


EGTG/ HDVE / 2% BVE 


12640 


27330 


10.9 


EGTG /HDVE/ 5% BVE 


6970 


17140 


5.3 


EGTG/ HDVE/ 10% BVE 


5000 


11550 


6.6 


EGTG/ HDVE/ 20% BVE 


2900 


6200 


4.4 



Table 4. 

Measurement of zenithal anchoring for thiol/diene systems with chain termination. 



summarise, in this example two sets of materials have been studied both have been 
ind to lead to a reduction in W,. Furthermore samples of these materials have also 
n found to reduce the switching voltages in bistable nematic devices. 
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CLAIMS 

, . . bisuble „e,na«c H,u,d cvsu. device capable of being switched in.o differen. 
Stable states comprising 

two cell walls enclosing a layer of nematic liquid cr>'stal material: 
electrode structures on both walls; 

,„ a surface aU,„n.e„. on one or bo,h cei. »a,.s providing ,wo aiignmen, direcUons .0 
liquid crystal molecules with an amount of surfece prelilt: 

..eans for disunguishing between switched statesof the liquid cr>.s,a, material: 
15 CHARACTERISED BY 

.eans for reducing inelastic azimutha. memor,- anchoring energy in the surface 
alignment on one or both cell walls. 

2. The device of claim 1 and including means for reducing zeniU,a, anchoring energ,- 

3 The device of Cairn I wherein the means for reducing the anchoring energy is an 
:ngo.,«rorsho„cha,npo,ymerwh,chise,therspreadonthesurface„radded.othe 

liquid crystal material. 
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4. The device of claim 3 wherein the oligomer is a material selected from: 
Norland N65 

-[S(CH,),SCHXH,0(CH,)^0CH,CH,1 - 
5 CH, = CH 0(CH,),0 CH=CH, HDVE (Hexane -1.6-dioI di(vinyl ether) 
CHj =CH0C4H, BVE (Butyl vinyl ether) 

HSCH,CO,(CH,),OCOCH S,H EGTG (Ethylene glycol bis(thioglycollate)) 
HS(CH2)9SH (Nonage, j ^g^i^^^i^ 

10 5. The device of claim 3 wherein the oligomer is an amount up to 10.% by weight in 
the liquid crystal material. 

6. The device of claim 3 wherein the chain length (n) is less than 100 repeat units. 

15 7. The device of claim 3 wherein the oligomer's parameters of type, concentration, 
chain length, are arranged to reduce the liquid crystal order parameter at or adjacent 
the cell wall. 

8. The device of claim 3 wherein the ologomer's parameters of type, concentration, 
20 chain length, are arranged to change the phase of the liquid crystal material at or 
adjacent the cell wall. 

9. The device of claim 3 wherein the oligomer is a material is a material that has been 
precured prior to introduction between the cell walls. 
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1 0. Tlie device of claim 3 wherein the oligomer is a material that has been precured 
after introduction between the cell walls. 

1 1 . The device of claim 1 wherein the surface alignment is provided by a bigrating 
30 surface. 
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